Clinical studies indicate that phenytoin prevents acute post-traumatic seizures but not subsequent posttraumatic epilepsy. We explored this phenomenon using organotypic hippocampal slice cultures as a model of severe traumatic brain injury. Hippocampal slices were cultured for up to eight weeks, during which acute and chronic electrical recordings revealed a characteristic evolution of spontaneous epileptiform discharges, including interictal spikes, seizure activity and electrical status epilepticus. Cell death exhibited an early peak immediately following slicing, and a later secondary peak that coincided with the peak of seizurelike activity. The secondary peak in neuronal death was abolished by either blockade of glutamatergic transmission with kynurenic acid or by elimination of ictal activity and status epilepticus with phenytoin. Withdrawal of kynurenic acid or phenytoin was followed by a sharp increase in spontaneous seizure activity. Phenytoin's anticonvulsant and neuroprotective effects failed after four weeks of continuous administration. These data support the clinical findings that after brain injury, anticonvulsants prevent seizures but not epilepsy or the development of anticonvulsant resistance. We extend the clinical data by showing that secondary neuronal death is correlated with ictal but not interictal activity, and that blocking all three of these sequelae of brain injury does not prevent epileptogenesis in this in vitro model.
Introduction
Traumatic brain injury (TBI) is a major cause of acquired epilepsy (Pitkanen et al., 2011) . Following a latent period of months to years, recurrent spontaneous seizures occur in up to 53% of veterans with severe military head injury (Raymont et al., 2010; Salazar et al., 1985) , and 17% of civilian patients with severe head injury (Annegers et al., 1998) . It has been hypothesized that neuronal death and axon damage resulting from trauma (Blumbergs et al., 1995; Graham et al., 2000) initiate the process of epileptogenesis, or development of epilepsy (Ben-Ari and Dudek, 2010; Staley et al., 2005) . Consequences of neuron damage could include the loss of inhibition due to death of interneurons (Cossart et al., 2001; de Lanerolle et al., 1989; Kobayashi and Buckmaster, 2003; Sloviter, 1987) , and axonal sprouting (Cronin and Dudek, 1988; Okazaki et al., 1995; Sutula et al., 1989) due to deafferentation (Laurberg and Zimmer, 1981; Steward and Vinsant, 1978; Sutula and Dudek, 2007) leading to hyperexcitability (Esclapez et al., 1999; Smith and Dudek, 2001 ) and spontaneous seizures (Jefferys, 2003) . However, seizures can also cause neuronal death. It is widely accepted that prolonged seizures (status epilepticus) result in neuronal necrosis (Meldrum, 2002; Meldrum and Brierley, 1973; Meldrum et al., 1973) . The possibility that even brief, spontaneous seizures can kill neurons has been raised by MRI studies demonstrating progressive atrophy in patients with intractable epilepsy (Bernhardt et al., 2009; Fuerst et al., 2003) , evidence of apoptosis in brain tissue resected for seizure control (Henshall et al., 2004 ) and the correlation of cortical volume loss with seizure frequency in post-traumatic epilepsy (Raymont et al., 2010) . It is difficult to establish causality from these observational studies. For example, cortical volume loss in patients with post-traumatic epilepsy may reflect a more severely epileptogenic initial injury, or more frequent post-traumatic seizures may lead to progressive volume loss. However, knowledge of causality is necessary to design rational antiepileptogenic therapies (Giblin and Blumenfeld, 2010; Pitkanen, 2010) and to know whether the benefits of seizure control include neuroprotection and/or suppression of epileptogenesis (Loscher and Brandt, 2010) . The current paradigm for treatment of posttraumatic epilepsy includes treatment with anticonvulsants such as phenytoin (Chen et al., 2009; Temkin, 2009) , although anticonvulsants tested to date have not demonstrated antiepileptogenic efficacy (Schierhout and Roberts, 2001; Temkin, 2001 Temkin, , 2009 ). On the other hand, long-term monitoring studies indicate that experimental epilepsy continues to worsen after the first seizure (Williams et al., Neurobiology of Disease 45 (2012) [774] [775] [776] [777] [778] [779] [780] [781] [782] [783] [784] [785] Abbreviations: (MEA), multiple electrode array; (PI), propidium iodide; (KYNA), kynurenic acid; (LDH), lactate dehydrogenase; (DIV), days in vitro.
